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$\mathfrak{U}(=\text{ ^{}G})+\mathrm{s}\mathrm{o}\mathrm{m}\mathrm{e}\mathrm{t}\mathrm{h}\mathrm{i}\mathrm{n}\mathrm{g}\text{ }[\text{ }\bigwedge_{\mathcal{T}}G]$ .
$\mathrm{D}\mathrm{o}\mathrm{p}\mathrm{l}\mathrm{i}\mathrm{c}\mathrm{h}\mathrm{e}\mathrm{r}-\mathrm{H}\mathrm{a}\mathrm{a}\mathrm{g}$-Roberts something
DHR selection critelion [1]
( ) , Doplicher-Roberts
$\mathfrak{U}$ $\mathrm{C}^{*}$-tensor category $\mathcal{T}(\subset End(\mathfrak{U}))$
Lie $G$ , $\mathcal{T}$
Rep$(G)$ DR category $\mathcal{T}(\subset End(\mathfrak{U}))^{[2]}\simeq Rep(G)$
$[2]$ $G$ -Krein ( – )
, $\hat{G}$ , $\mathfrak{U}$ $=$
$G$-chargeJ parametrize
, ,
( $d$ ) Cuntz $O_{d}$ G-
$O_{d}^{G}$ $\mathfrak{U}$
$\hat{G}$ $\mathfrak{U}x\hat{G}\simeq \mathfrak{U}\otimes O_{d}$ :
$\mathrm{o}_{d}^{G}$
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$= \mathfrak{U}\bigotimes_{o_{d}^{G}}O_{d}\simeq \text{ ^{}G}\chi\hat{G}$
, $G$ $\mathfrak{U}$ Galois 1
: $G=Gal(S/\mathfrak{U})[2]$
[ + $\mathrm{o}G$] ,
$\tau$





















(multiplicity) $\pi_{1}\approx\pi_{2}[=\mathrm{l}\mathrm{n}\mathrm{i}\mathrm{t}\mathrm{a}\mathrm{r}\mathrm{y}$ equivalence llp
to multiplicity] , $\mathfrak{U}$ $\pi$
von Neumann $\pi(\mathfrak{U})’’$ $\Pi\overline{\mathrm{p}}$ , $\pi_{1}\approx\pi_{2}\Leftrightarrow\pi_{1}(\mathfrak{U})’’\simeq\pi_{2}(\mathfrak{U})’’$ ,
[3], factor = [centre ]
$C$ $C$ centre $3(C)=C\cap C’$ –
, centre $3(\mathcal{M})=\mathbb{C}1$
factor $\mathcal{M}$ , $=$ ,
– Factor
centre , factor




, disjointness ( !?) :
1 Galois , [ – ]
Galois ,
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$\pi_{1}0\pi_{2}|\Leftrightarrow \mathrm{d}\mathrm{e}\mathrm{f}(\pi_{1}, \pi_{2}):=\{T:fl_{\pi_{1}}arrow\ovalbox{\tt\small REJECT}_{\pi_{2}} ; T\pi\iota(A)=\pi_{2}(A)T\}=0$ ,










[4] : $=$ – $=$ [centre factor ]
,
,
[factor $=$ ] [ centre $=$ ]
– ,
centre $=$ (= centre
) ,
$=$ , ( )
centre – , ,
, $=$
, disjointness ,
= , $=$ [
] [ superselection sectors
] , $=$ [ ] $=$ [



















A) – $[7, 6]$
B) DHR-DR $[1, 2]$
[4]
C) $(\mathrm{S}\mathrm{S}\mathrm{B})^{\text{ }}\mathrm{B})$ [4]
D) . – $[6, 4]$
E) [?]
F) – $[5, 16]$
$\downarrow$ $\backslash$ $\uparrow$
$[\mathrm{B})$ \not\in Ppx gb--:@\beta m& $]arrow$ $arrow$ $[\mathrm{E}$ )$:/\pi\backslash 1*q|$)$\text{ ^{}\frac{*_{\backslash }}{\mathrm{T}}}J\backslash \#\backslash 0\mathrm{i}R\text{ }]arrow\cdots$
, D) – ,
( ) ( )
i) $\Rightarrow\uparrow\uparrow \mathrm{i}\mathrm{i}$)
i ) :i) ii)
$\Uparrow$ $\Downarrow$
iv) $adjunction\Leftrightarrow[$
$\mathrm{i}\mathrm{i}$) $\text{ }\tau^{\backslash }<\mathrm{i}$ )
$\sigma)_{\overline{\overline{\mathrm{p}}}}^{-}q- c,$
$\mathrm{r},hannel\mathrm{i}$) $\Rightarrow \mathrm{i}\mathrm{i}$ )
$-\mathrm{B}_{\grave{\mathrm{J}}}\mathrm{f}^{\mathrm{a}}\cdot\ovalbox{\tt\small REJECT}\star \text{ }$ . :
$]$
, selection criteria –
– $[6, 4]$ ,
$[7, 6]$ :
Example 1 $\{(U_{\lambda,\varphi_{\lambda}} ; U_{\lambda}arrow \mathrm{R}^{n})\}$ $M$ :
$i)=$ $U_{\lambda},$ $ii$) $=$ $\mathrm{R}^{n}$ ,
$iii)=$ $\varphi_{\lambda}$ : $U_{\lambda}arrow \mathrm{R}^{n}$ ,





$i)=$ $\omega((1+H_{\mathcal{O}})^{m})<\infty$ $\omega$ $E_{x}$ ,
$ii)=$ $(\beta, \mu)$ $B_{K}$
$(\beta, \mu)$ $B_{K}$ $\rho\in NI+(B_{K})=$ :Th ,
$iii)=(i)$ ) “ 1 $x$ ”
, $\omega$
$\omega_{\rho}=C^{*}(\rho)=\int_{B}..d\rho(\beta, \mu)\omega_{\beta,\mu}$ – : $\omega\equiv$.$C^{*}(\rho)\mathcal{T}_{x}$
,
$iv)=$ ( $\mathit{0}$ ) adjunction $=$
:
$[E_{x}/\mathcal{T}_{x}](\omega, C^{*}(\rho))^{q\Leftrightarrow c}\simeq[Th/C(\mathcal{T}_{x})]((C^{*})^{-1}(\omega), \rho)$.
, $C^{*}$ – $carrow q$ channel ,
( ) $‘{}^{t}(C^{*})^{-1}$ “ $qarrow \mathrm{c}$ channel , $a$)
$\omega$ $C^{*}(\rho)$ – ,
$\omega_{\mathcal{T}_{x}}\equiv C^{*}(\rho)$
, , $b$) $\omega$









(1 factor M )
(MASA) $A=A’$
$\mathcal{M}$ , $\mathcal{M}’\subset A’=A\subset \mathcal{M}$ $\mathcal{M}’=\mathcal{M}’\cap \mathcal{M}=3(\mathcal{M})$
$\mathcal{M}$ type I , $A=A’\cap \mathcal{M}$
3.1
MASA $A$
, $A$ $\mathcal{M}$ $A$
, , $\mathcal{M}$
couple $\mathcal{M}\otimes A$ ,
centre $=$
$A$ : $3(\mathcal{M}\otimes A)=3(\mathcal{M})\otimes A=1\otimes L^{\infty}(Spe\mathrm{c}(A))$ .




$\mathcal{M}$ $A$ coupling, , dynamics , coupling
$\mathcal{M}\otimes A$ $\text{ }$
Hilbert
, von Neumann $A$ 1 $A_{0}=A_{0}^{*}\in A$
: $A=\{A_{0}\}’’[8]$ , $A$
$\mathcal{U}(A)$ $A$
Lie $\mathcal{U}$ ( $du$ )
: $\mathcal{U}\subset \mathcal{U}(A),$ $A=\mathcal{U}’’0$ $\mathcal{U}$ MASA $A=A’\cap \mathcal{M}$
,
$A=\mathcal{M}\cap A’=\mathcal{M}\cap \mathcal{U}’=\mathcal{M}^{\alpha(\mathcal{U})}$ ,
, MASA $A$ $\mathcal{U}$ $\alpha_{u}:=Ad(u)$ : $\mathcal{M}\ni$
$x-uXu^{*}$ $\mathcal{M}$ [5]
Galois Kac\leftrightarrow (
K-T ) $[9, 10]$
3.2 instrument
$G$ K-T , von
Neumann $M=L^{\infty}(G,dg)$ ( $dg$ : ) $\Gamma$ : $Marrow M\otimes M$ ,
$\Gamma(f)(s,t):=f(st)$ $(f\in \mathrm{A}^{\mathit{1}}I, s,t\in G)$ $\Gamma(X)=V^{*}(1\otimes X)V(X\in M)$
$\otimes$ $(V\xi)(s, f,):=\xi(s, s^{-1}t)$ $(\xi\in \mathfrak{H}\otimes ff$ ,
$s,$ $t\in G)$ , $=L^{2}(G, dg)[9,10,11]$
- , $\Gamma$ $\otimes$ $\otimes$ 5
$V_{12}V_{13}V_{23}=V_{23}V_{12}$ , convolution $\omega_{1}*\omega_{2}:=\omega_{1}\otimes\omega_{2}\circ\Gamma$
predual $\mathrm{A}’I_{*}=L^{1}(G)$ Fourier $\lambda$ : $l\downarrow/I_{*}\ni\omega\mapsto\lambda(\omega):=(i\otimes\omega)(V)\in$
$\hat{M}:=\lambda(G)’’$ t $G$ $(\lambda, \mathfrak{H}),$ $\lambda(\omega_{1}*\omega_{2})=\lambda(\omega_{1})\lambda(\omega_{2})$
, $\lambda^{\otimes n}=\lambda\otimes\cdots\otimes\lambda$ $\lambda^{\otimes m}\approx\lambda^{\otimes n}$
$(\forall m, n\in \mathrm{N})$ intertwiner $V( \lambda\bigotimes_{\vee}\iota)=(\lambda\otimes\lambda)V$
$\lambda$ , $G$
[12] , ( Kac )
$Vrightarrow\hat{V}:=\sigma V^{*}\sigma$ $(\sigma(\xi\otimes\eta):=\eta\otimes\xi, \xi, \eta\in \mathfrak{H})$ $M$ $\Lambda\hat{i}$
[11]
MASA $A=L^{\infty}(Spec(A))$ $M=L^{\infty}(\hat{\mathcal{U}})=\lambda(\mathcal{U})’’$ ,
$\hat{\mathcal{U}}$
$\mathcal{U}(\subset A)$ $\chi$ : $\mathcal{U}\ni u-\chi(u)\in \mathrm{T}$ ,
$V$ Dirac :
$V|\gamma,$ $\chi\rangle=|\gamma,\gamma\chi\rangle$ $(\gamma, \chi\in\hat{\mathcal{U}})$ . (1)
$\chi$ : $Aarrow \mathbb{C}$ $A$ $\chi\in Spec(A)$
$\mathcal{U}$
$\chi \mathrm{r}_{\mathcal{U}}\in\hat{\mathcal{U}}$ , Spec$(A)$ $\hat{\mathcal{U}}$
: Spec$(A)arrow$ $\iota\in\hat{\mathcal{U}},$ $\iota(u)\equiv 1(\forall u\in \mathcal{U})$
($\mathcal{U}$ : $L^{2}(\mathcal{U})$ $\iota\in\hat{\mathcal{U}}$
, $\mathcal{U}$ $m_{\mathcal{U}}$ )
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$\mathcal{U}arrow Aarrow \mathcal{M}$ $\mathcal{U}$ $E:\mathcal{U}arrow \mathcal{M}$ $\mathcal{U}$
, $E(u)= \int_{\chi\in Spec(A)\subset\hat{\mathcal{U}}}\overline{\chi(u)}dE(\chi)(u\in \mathcal{U})$ , , $dE$
$\mathcal{M}$
$\hat{\mathcal{U}}$ $\ovalbox{\tt\small REJECT}_{\mathcal{M}}\otimes L^{2}(\hat{\mathcal{U}})$
( $fl_{\mathcal{M}}$ : $\mathcal{M}$ Hilbert $\cong L^{2}(\mathcal{M})$ ) $V$ $E_{*}(V)=$
$\int_{\chi\in Spec(A)}dE(\chi)\otimes\lambda_{\chi}$ , (1) $E_{*}(V)$
$E_{*}(V)( \xi\otimes|\gamma\rangle)=.\int_{\chi\in Spec(A)}dE(\chi)\xi\otimes|\chi\gamma\rangle$ , for $\gamma\in\hat{\mathcal{U}}$ , $\xi\in L^{2}(\mathcal{M}),$ $(2)$
, 5 E*(V)I2E*(V)I3V23 $=V_{23}E_{*}(V)_{12}$
( ) $\mathcal{M}$ – $\xi=\sum_{\gamma\in\hat{G}}c_{\gamma}\xi_{\gamma}\in \mathfrak{H}_{\mathcal{M}}$
$|L\rangle$ , coupling $E_{*}(V)$
$\text{ ^{}\backslash }.\text{ }\xi\otimes|\iota\rangle 1’\text{ }f_{l}$
,
$l^{\backslash } \backslash \hat{\overline{\pi}}\lambda^{\backslash }|\text{ _{}\#\mathcal{M}\text{ ^{}\backslash }\text{ }^{}\tau_{\backslash }}\text{ }\mathrm{t}\mathrm{B}\text{ }[13] \text{ }\xi_{\gamma}k^{\backslash }ffi\mathfrak{l}\mathrm{J}\text{ }\mathrm{g}\mathrm{g}\sigma)_{\text{ }\backslash \theta\mathrm{B}^{\backslash }\text{ }\dot{\mathrm{x}}\text{ }^{}\frac{)}{\mathrm{T}}}\backslash \not\in_{7^{--\text{ }\gamma \text{ }}^{}\in\hat{G}}arrow \text{ ^{}\prime}\supset \mathrm{k}^{\backslash }\text{ }E_{*}(V(\xi\bigotimes_{\backslash }|\iota\rangle)=\mathrm{f}\sum_{\mathrm{f}\mathrm{i}^{1\mathrm{J}}\backslash }c_{\gamma}\otimes|\gamma\rangle$
1 1 [5]
, –
[14] coupling , MASA $A$






, type I [5]: $\mathcal{M}$
$\omega_{\xi}$ : $\mathcal{M}\ni B\mapsto\omega_{\xi}(B)=\langle\xi|B\xi\rangle$ , $A$
$\gamma\in\overline{\mathcal{U}(A})$ Borel $\Delta$ $p(\Delta|\omega_{\xi})=2(\Delta|\omega_{\xi})(1)$ ,
$\mathcal{M}$ $3(\Delta|\omega_{\xi}.)/p(\Delta|\omega_{\xi})$
4 $=$ $\mathcal{M}\mathrm{x}_{\alpha}\mathcal{U}$
dynamics coupling $E_{*}(V)$ \Phi , $\text{ }$ ,
K-T $V,$ $(V\eta)(\gamma_{1}, \gamma_{2})=\eta(\gamma_{1}, \gamma_{1}^{-1}\gamma_{2})(\eta\in L^{2}(\hat{\mathcal{U}}\mathrm{x}\hat{\mathcal{U}}))$ , Fourier
: $W:=(F\otimes F)^{-1}V(\mathcal{F}\otimes F),$ $(W\xi)(u_{1}, u_{2}):=\xi(u_{2}u_{1}, u_{2})$ (for
$\xi\in L^{2}(\mathcal{U}\cross \mathcal{U}),$
$u_{1},$ $u_{2}\in \mathcal{U})$ , $(F \xi)(\gamma):=\int\overline{\gamma(g)}\xi(g)dg(\xi\in L^{2}(\mathcal{U}))$
$\mathrm{W}^{r}$ l 5 $W_{12}W_{13}W_{23}=W_{23}W_{12}$ intertwining relation
$W(\lambda\otimes\lambda)=(\iota\otimes\lambda)W$ $\mathcal{U}$ K-T , $E$ :
$\mathcal{U}arrow Aarrow \mathcal{M}$ $\mathcal{M}$ $EW:=(E\otimes id)(W)$ ,
5 $(EW)_{12}(EW)_{13}W_{23}=W_{23}(EW,)_{12}$ intertwining relation
$EW(u\otimes\lambda_{u})=$ (I\otimes \mbox{\boldmath $\lambda$} EW $\mathcal{U}$ $\mathcal{M}$ $\alpha=Ad$
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$\mathcal{M}$ $L^{\infty}(\mathcal{U}, \mathcal{M})=\mathcal{M}\otimes L^{\infty}(\mathcal{U})$ $\pi_{\alpha}$ : $\mathcal{M}arrow$
$\mathcal{M}\otimes L^{\infty}(\mathcal{U})$
$(\pi_{\alpha}(X)\xi)(u):=\alpha_{u}^{-1}(X)(\xi(u))=(u^{-1}Xu)(\xi(u))$ (3)
for $\xi\in L^{2}(\mathcal{M})\otimes L^{2}(\mathcal{U}),u\in \mathcal{U}$,
, $EW$ unitary implementer
$\pi_{\alpha}(X)=(EW)(X\otimes I)(EW)^{*}$ for $X\in \mathcal{M}$
$\pi_{\alpha}(\mathcal{M})$




$\mathcal{M}=\mathbb{C}1$ $(\lambda, L^{2}(\mathcal{U}))$ , $\mathcal{M}\aleph_{\alpha}\mathcal{U}$
convolution $(X*\mathrm{Y})(u)=$ $X(v)\alpha_{v}(\mathrm{Y}(v^{-1}u))dv$ ck $X\#(u)=$
$\alpha_{\mathrm{u}}(X(u^{-1}))^{*}$ *- $L^{1}(\mathcal{U},\mathcal{M})=\mathcal{M}\otimes L^{1}(\mathcal{U})$ operator-valued Fourier
:
(X)=(Xdu\otimes id)(\mbox{\boldmath $\sigma$}(EW \mbox{\boldmath $\sigma$}) $= \int_{\mathcal{U}}X(u)udu$
for $X\in L^{1}(\mathcal{U},\mathcal{M})=\mathcal{M}\otimes L^{1}(\mathcal{U})$ ;
$\text{ }(X*Y)=$ (X) (Y) and (X ) $=$ (X)*,
( ) $\alpha$ $\mathcal{M}$ $A$ coupled
dynamics , switch-on, off $\iotaarrow\alphaarrow\iota$ ( )
$=$ $\mathcal{M}\aleph_{\alpha}\mathcal{U}$ , initial: $(\mathcal{M}\otimes A\supset)\mathcal{M}\otimes L^{\infty}(\hat{\mathcal{U}})=$




$(\mathcal{M}\mathrm{x}_{\alpha}\mathcal{U})*_{\hat{\alpha}}\hat{\mathcal{U}}\simeq \mathcal{M}\otimes B(L^{2}(\mathcal{U}))\simeq \mathcal{M}$ .
$\mathcal{M}\simeq \mathcal{M}\otimes B(L^{2}(\mathcal{U}))$ $\mathcal{M}$ ,
$\mathrm{O}\mathrm{K}_{0}\hat{\alpha}$ \mbox{\boldmath $\pi$} $\pi_{\overline{\alpha}}(Y):=Ad(1\otimes\sigma W^{*}\sigma)(Y\otimes 1)$ (for
$Y\in \mathcal{M}\aleph_{\alpha}\mathcal{U})$
































$\mapsto E_{*}(V)_{12}^{*}V_{23}^{*}\cdots V_{n,n+1}^{*}(A\otimes f_{2}\otimes\cdots\otimes f_{n+1})V_{n,n+1}\cdots V_{23}E_{*}(V)_{12}$
$=Ad(E_{*}(V)_{12}^{*})\circ Ad(V_{23}^{*})\cdots Ad(V_{n,n+1}^{*})(A\otimes f_{2}\otimes\cdots\otimes f_{n+1})$
$=Ad(E_{*}(V)^{*})(A\otimes Ad(V^{*})(f_{2^{-}}\otimes Ad(V^{*})(\cdots\otimes Ad(V^{*})(f_{n}\otimes f_{n+1})))\cdots)$ ,
, time-ordered Dyson matrix Accardi quan-











) – , $f(x+y)=f(x)+f(y)$
$f$ $f(\lambda x+\mu y)=\lambda f(x)+\mu f(y)(\forall\lambda, \mu>0)$
115
, $\lambda\approx\lambda^{n}(\forall n\in \mathrm{N})$ $\lambda\approx\lambda^{n/m}$
$(\forall m, n\in \mathrm{N})$ , “
” $(AdV^{*})^{t+S}\approx(AdV^{*})^{t}(AdV^{*})^{s}(t, s>0)$ ( , L\’evy )
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